We have calculated the spectroscopic factor strengths for the one-proton and one-neutron pick-up reactions 27 Al(d, 3 He) 26 Mg and 27 Al(d,t) 26 Al within the framework of the shell model. We employed two different ab initio approaches : an in-medium similarity renormalization targeted for a particular nucleus, and the coupled-cluster effective interaction. We also compared our results with recently determined experimental spectroscopic factors.
I. INTRODUCTION
The nature and occupancy of the single-particle orbits for a nucleus can be determined from the spectroscopic factors (SFs). Experimentally the SFs can be measured with single-particle transfer reactions. These reactions are of two types, first one is stripping in which one nucleon is stripped from the incoming projectile, while the second one is pick-up reaction in which one nucleon is picked up by the projectile. The examples of neutron transfer pick-up reactions are (p, d), (d, t) and ( 3 He,α), while stripping reactions are (d, p), (t, d) and (α, 3 He) [1]. The SF is defined by a matrix element between initial and final state corresponding to entrance channel and exit channels, respectively. It is possible to describe the capture or emission of single nucleons in stellar burning processes by calculating the nuclear matrix elements for single-nucleon spectroscopic factors in the nuclear structure calculations.
Studies of SFs in different region of nuclear chart are reported in Refs. [2] [3] [4] [5] [6] [7] [8] . Survey of excited state neutron spectroscopic factors for Z = 8−28 nuclei are reported by Tsang et al [9] . In this work they extracted 565 neutron spectroscopic factors for sd and f p shell nuclei by analyzing (d, p) angular distributions, they also compared the experimental results with shell-model results.
To study different excited states and their spectroscopic factors for 26 Mg, many experimental results were reported in Refs. [10] [11] [12] [13] [14] [15] [16] . Recently, the spectroscopic factors for 26 Mg is reported in Ref. [17] using 27 Al(d, 3 He) 26 Mg reaction. The structure of 27 Al deduced from experiments which enlighten different reaction channels were reported in refs. [18] [19] [20] [21] [22] [23] [24] . The experimental results for SFs of 14 excited states for 27 Al using 27 Al(d,t) 26 Al reaction are reported in Ref. [25] . The studies of 26 Al and 26 Mg are important for astrophysics point of view. The massive stars throughout the Galaxy dominate in the production of 26 Al [26] , and it decays by β + to 26 Mg. In the present work we have performed shell-model calculations using ab initio approaches for one-neutron and * pcsrifph@iitr.ac.in one-proton pick-up reaction on 27 Al within the framework of the shell model.
II. Ab initio SHELL MODEL ANALYSIS
We performed shell-model calculations using two modern approaches: an in-medium similarity renormalization targeted for a particular nucleus [27] and the ab initio coupled-cluster effective interaction (CCEI) [28] . We also compared results with a phenomenological USDB interaction [29] . For the diagonalization of matrices we used shell-model code NuShellX [30] .
Recently, Stroberg et al ., reported mass-dependent Hamiltonians for sd-shell nuclei using the in-medium similarity renormalization group (IM-SRG) based on chiral two-and three-nucleon interactions [31] . Further extension has been done for ab initio IM-SRG calculation based on ensemble reference states to consider residual N N N forces among valence nucleons. This is a nucleusdependent valence-space approach to study nuclear structure properties [27] . In the present work we performed calculations for the spectroscopic factor strengths using separate effective interactions for 26 Mg, 26 Al and 27 Al based on nucleus-dependent valence space [27] .
The ab initio coupled-cluster effective interaction (CCEI) [28] , uses A-dependent Hamiltonian,
.
with an initial next-to-next-to-next-to-leading order (N 3LO) chiral N N interaction, and next-to-next-toleading order (N 2LO) local chiral N N N interaction, using similarity renormalization group transformation. From this the shell-model Hamiltonian in a sd valencespace obtained from ab − initio coupled-cluster theory. Where, the CCEI Hamiltonian is
For the shell-model space this Hamiltonian is limited for one-and two-body terms. The Two-body term is computed using Okubo-Lee-Suzuki similarity transformation. In the Eq. (2) is the additional two-body Hamiltonian. Coupled-cluster theory results for spectroscopic factor for proton and neutron removal from 16 O is reported in Ref. [32] . The Hamiltonian of the USDB is based on a renormalized G matrix by fitting two-body matrix elements with experimental data for binding energies and excitation energies for the sd shell nuclei [29, 33] . The USDB interactions is fitted by varying 56 linear combinations of two-body matrix elements. The rms deviations of 130 keV were obtained between experimental and theoretical energies for USDB interaction. In the present work before calculating the SF, first we examined the wave functions of concerned nuclei using IM-SRG, CCEI and USDB effective interactions. The comparison between the calculated and experimental levels for 26 Mg and 26 Al is reported in Figs. 1 and 2 . The results of the USDB interaction are much better than IM-SRG and CCEI interactions. In the case of 26 Al we calculated only the g.s.(0 + ). We can define the spectroscopic amplitudes for pick-up and stripping reactions by taking the expectation values of the operators a † and a between the states of nuclei with A-1 and A, and A+1 and A. The spectroscopic factor in terms of the reduced matrix elements of a † is given by:
where the (2J + 1) factor is by convention associated with heavier mass A. Here, ω indices distinguish the various basis states with the same J value [34, 35] .
Experimentally [17, 25] , the spectroscopic factors of different states were extracted using the relation between experimental cross section and theoretical cross sections; dσ dΩ exp. = 3.33
where, ( dσ dΩ ) exp. is the experimental differential crosssection and ( dσ dΩ ) DWBA is the cross-section predicted by the DWUCK4 code. J (J = l ± 1 2 ) is the total angular momentum of the orbital from where proton is picked up. C 2 is the isospin Clebsch-Gordon coefficient and S is the spectroscopic factor.
The uncertainty in the experimental SFs may come due to following: (i) the zero-range parameter D 0 may be uncertain, (ii) the optical potential may be uncertain, (iii) the zero-range distorted-wave Born-approximation is not sufficient [36] [37] [38] . In the Refs. [17, 25] , it was reported that the replacement of the zero-range approximation with finite-range and nonlocal parameters reduces the SFs up to 45-50 %. Furnstahl and Hameer, using effective field theory, tried to determine whether occupation numbers and momentum distributions of nucleons in nuclei are observables. They claimed that these quantities can only be defined if we take specific form of the Hamiltonian, regularization scheme etc. [39] . In the effective field theory, there is no definite form of the Hamiltonian, thus it is not possible to defined occupation numbers (or even momentum distribution). The "nonobservable" nuclear quantities such as momentum distribution and spectroscopic factor using parton distribution function ( PDFs) reported in Ref. [40] . The inclusion of long-range (lowmomentum) pion-exchange tensor forces is important. But the recent study for the quenching of spectroscopic factors suggest that a long-range correlation is more dominating [41] . The uncertainty of the SFs coming from different sources was reported in the review article by Dickhoff and Barbieri [42] . In-elastic proton scattering is surface reaction, thus no detailed information is obtained related to the interior of the nucleus; this will gives rise to an error of 10%. Another uncertainty is due to the choice of the electron-proton cross-section; this will give a small uncertainty in the analysis of low-Q 2 data. Table I . [25] . Here l = 0 and l = 2 are for s 1/2 and d 5/2 orbitals, respectively. Table III. IM Experimentally the states of 26 Mg [17] were studied by assuming pick-up from d 5/2 orbital only, and also a few states by assuming configuration mixing of two lower orbital of sd shell: d 5/2 and s 1/2 single particle orbitals. In Table I , we compared the experimental C 2 S values with shell-model results for IM-SRG, CCEI and USDB interactions (the corresponding wave functions are shown in Table II ). As extracted from experiment the calculated C 2 S values were very large for l = 2 (d 5/2 ) transfer as compared with l = 0 (s 1/2 ) transfer. The shellmodel results are larger for first two states, thus assigning larger single particle characteristics to these states. In the present work we have also predicted C 2 S values for states up to ∼ 6 MeV. In the Fig. 3(a)-(d) we show the variation of C 2 S for extracted experiment and calculated values. In all the three shell-model calculations, the spectroscopic factor for pickup from the s 1/2 orbital plays a major role for the higher excited states. In the Fig.  3(e The states of 26 Al [25] were experimentally studied by assuming pick-up from d 5/2 and s 1/2 single particle orbitals, while 6 + state at 3507 keV by pick-up from g 9/2 orbital. In the Table III , we compared experimental C 2 S values with shell-model results for IM-SRG, CCEI and USDB interactions. The experimentally extracted value for spectroscopic factors up to ∼ 4.7 MeV are reported in Ref. [25] . In the present work we interpreted these extracted SFs in term of shell-model calculations (the corresponding wave functions are shown in Table IV cellations of contributions from different components of the wave functions. For 2 + at 1759 keV and 4 + at 4705 keV, the IM-SRG, CCEI and USDB interactions are predicting very small value of spectroscopic factors.
In the Figs. 4(a)-(d) we show the variation of C 2 S for extracted experiment and calculated values. In the Fig.  4 (e), we have also plotted C 2 S values for theory and extracted experimental value. The extracted experimental C 2 S values show a good trend with IM-SRG and CCEI.
III. SUMMARY
We performed shell-model calculations for spectroscopic factors with two ab initio approaches: an inmedium similarity renormalization targeted for a particular nucleus and coupled-cluster effective interaction (CCEI). We also performed calculations with realistic USDB effective interaction. Along with the ab initio results, we present a comparison with recently determined experimental spectroscopic factors. 
